A 12-year-old girl presented with an acute confusional state and a 2-year history of weight loss, anxiety, agitation and recurrent fever. Thyroid function tests confirmed severe hyperthyroidism, and a diagnosis of thyroid storm was made (Burch and Wartofsky score=75). ECG showed a prolonged QTc interval of 506 ms. Acute treatment for thyroid storm consisted of Lugol's iodine, prednisolone, carbimazole and propranolol. She made a steady recovery and by 3 months her thyroid function had normalised; a repeat ECG showed a QTc within the normal range (430 ms). There was no relevant family history. This is a case of QTc prolongation with hyperthyroidism and normalisation with euthyroidism. It is not commonly recognised that hyperthyroidism in children may be associated with QTc prolongation. QTc measurement should be incorporated into management protocols for hyperthyroidism.
SUMMARY
A 12-year-old girl presented with an acute confusional state and a 2-year history of weight loss, anxiety, agitation and recurrent fever. Thyroid function tests confirmed severe hyperthyroidism, and a diagnosis of thyroid storm was made (Burch and Wartofsky score=75). ECG showed a prolonged QTc interval of 506 ms. Acute treatment for thyroid storm consisted of Lugol's iodine, prednisolone, carbimazole and propranolol. She made a steady recovery and by 3 months her thyroid function had normalised; a repeat ECG showed a QTc within the normal range (430 ms). There was no relevant family history. This is a case of QTc prolongation with hyperthyroidism and normalisation with euthyroidism. It is not commonly recognised that hyperthyroidism in children may be associated with QTc prolongation. QTc measurement should be incorporated into management protocols for hyperthyroidism.
BACKGROUND
Prolongation of the QT interval is associated with a risk of sudden cardiac death, whether it is acquired or inherited. [1] [2] [3] Acquired causes include medications, toxins, electrolyte imbalance, subarachnoid haemorrhage, myocardial ischaemia, autonomic neuropathy and HIV infection. 4 5 The association of hyperthyroidism and prolonged QTc has not been previously reported in children. Hyperthyroidism in children is not uncommon, and children are commonly treated with medications that prolong the QT interval such as antihistamines. Assessment of QTc in hyperthyroid children may be important so that medications that could further prolong QT and increase cardiac risk may be avoided, and protective medication be considered.
CASE PRESENTATION
A 12-year-old girl presented with a 2 year history of weight loss, jitteriness and anxiety, and a 2 month history of episodic confusion, vomiting and fever. She was tachycardic, febrile (40°C), confused and agitated. She had a fine tremor, hyperreflexia, marked proximal muscle weakness and a goitre with bruit and a flow murmur at the left lower sternal edge. Investigations showed free T4 87 pmol/L (normal: 10-20), FT3 18.2 pmol/L (3.7-7.7), thyroid-stimulating hormone (TSH) <0.01 mU/L (0.3-4.0) and thyroid-stimulating immunoglobulin 14 U/L (normal <1). ECG taken while afebrile showed sinus tachycardia 120 bpm, PR 150 ms, QT 358 ms, RR 500 ms, QTc 506 ms (Bazett's formula), T wave morphology was abnormally broad with slow upstroke (figure 1). Potassium (3.7 mmol/L), magnesium (0.74 mmol/L) and calcium (2.18 mmol/L) were within normal range. Echocardiography demonstrated a structurally normal heart with normal function. Her Burch and Wartofsky score was 75, highly suggestive of thyroid storm. 6 She was treated with Lugol's iodine, carbimazole and propranolol but the episodes of fever did not cease until prednisolone was started on day 3. On day 3 QTc remained prolonged at 491 ms with a heart rate of 70 bpm (figure 2). There was no family history of sudden unexplained death and both parents had normal ECGs including QTc. A decision was made to remain on propranolol and to avoid QTc prolonging drugs and grapefruit juice, with serial ECGs for QT assessment over time.
INVESTIGATIONS
ECG traces are provided at presentation, 6-week follow-up and 3-month follow-up, and a graph of free T4 versus QTc.
DIFFERENTIAL DIAGNOSIS
▸ QTc prolongation secondary to hyperthyroidism. ▸ Primary channelopathy/long QT syndrome.
OUTCOME AND FOLLOW-UP
At 6 weeks postdischarge, the patient had normal levels of free T4 (10 pmol/L) and T3 (4.2 pmol/L); QTc was 469 ms. By 3 months postdischarge, she had been euthyroid for 8 weeks; QTc was 430 ms and there was normalisation of T wave morphology (figures 1 and 2). Propranolol was ceased. Twelve months after the event, she was euthyroid (FT4 15 pmol/L, T3 5.1 pmol/L, TSH 3.6 mU/L) and was assessed by exercise ECG. QTc was 354 ms at rest (figure 2), 377 ms at peak heart rate and 444 ms after 7 min of recovery. Thus there was no evidence of a persisting underlying long QT syndrome.
DISCUSSION
This case is of a young girl with severe hyperthyroidism due to Grave's disease, and associated prolongation of the QT interval. Importantly, the QTc normalised with resolution of hyperthyroidism (figure 2). While this association has not been reported in children, there is evidence of an association in adults.
In addition to the well-known effects of T3 on cardiac rate and contractility, thyroid hormone is also known to effect ventricular repolarisation. 7 Hypothyroidism is classically associated with prolonged QTc, 8 but paradoxically, hyperthyroidism can also lead to QT prolongation. In adults with hyperthyroidism, QTc is prolonged compared with controls and normalises with treatment of hyperthyroidism, furthermore QTc is positively correlated with both serum FT3 and FT4. 9 Those with subclinical hyperthyroidism have longer QTc than controls 10 and within the normal male population QTc is correlated with FT4. 11 The clinical importance of this effect is suggested by a population-based study in adults which found that the use of antithyroid drugs was associated with sudden cardiac death; the authors proposed that this was due to undertreated hyperthyroidism. 12 Further, in a recent report of a 13-year-old girl with severe hyperthyroidism, severe QTc prolongation was documented immediately prior to the development of torsade de pointes and cardiac arrest. 13 The mechanism by which hyperthyroidism causes prolongation of ventricular repolarisation remains unclear. Thyroid hormone excess may cause hyperpolarisation and prolongation of QTc by increasing the activity of Na+/K+ATPase. 14 Alternatively ventricular repolarisation could be effected by modulation of cardiac mitochondrial function by thyroid hormone. 15 16 Our unit has considerable experience with the diagnosis and management of long QT syndrome in children. 17 With physiological or drug-induced QT prolongation, it is important to consider whether an underlying genetic predisposition is present. We can be confident this is not the case because of the normalisation of QTc with disease resolution, normal QT response post exercise, absence of family history and normal ECGs in the parents. Genetic testing in these circumstances is not appropriate.
A relationship between hyperthyroidism and QTc prolongation is clinically important. Hyperthyroidism in children is not uncommon, and patients are commonly treated with Figure 1 ECGs at presentation and at 6 and 12 weeks of follow-up. QTc was calculated using Bazett's formula. medications that prolong the QT interval, such as antihistamines. Assessment of QTc in children with hyperthyroidism is important so that QT prolonging medications may be avoided, and protective medication considered. The relationship between hyperthyroidism and QTc should be assessed prospectively to allow better estimation of the strength of association and frequency of significant prolongation.
Learning points
▸ Children with hyperthyroidism are at risk of QT prolongation. ▸ Serial ECGs should be performed and QT prolonging medication avoided until the QT interval has normalised. ▸ Conversely, in children with QT prolongation, hyperthyroidism should be considered.
